A severe epidemic of rinderpest, affecting mainly wild ruminants, occurred between 1993 and 1997 in East Africa. Buffalo (Syncerus coffer), eland (Taurotagus oryx) and lesser kudu (Tragelaphus imberbis) were highly susceptible. The histopathological changes, notably individual epithelial cell necrosis with syncytia formation, were consistent with an infection with an epitheliotrophic virus. Serology, the polymerase chain reaction, and virus isolation confirmed the diagnosis and provided epidemiological information. The virus was related to a strain which was prevalent in Kenya (Plowright 1968a , Scott 1990. The control of the disease is dependent on vaccination and restrictions on the movement of cattle, because the only reservoir of infection is domestic cattle (Plowright 1982) . Historically, the disease in Africa, Asia and Europe had devastating effects which prompted national and international control strategies (JP15 and the Pan African Rinderpest Campaign [PARc]) to eradicate it. The disease has been eradicated to a great extent, with only a few foci left in Asia and Eastern Africa. The disease and its significance in wildlife was reviewed by Scott (1981) and has been discussed by Shanthikumar and others (1985) and Dobson (1995). The last outbreak documented in East Africa which affected wild animal populations was in 1982 in Tanzania (Nyange and others 1985), and there was an outbreak in Kenya in 1960-62 (Scott and others 1960 , Stewart 1964 .
RINDERPEST, a disease caused by a morbillivirus belonging to the Paramyxoviridae, affects wild and domesticated ruminants and pigs. Much of its virology and epidemiology are well documented (Plowright 1968a , Scott 1990 . The control of the disease is dependent on vaccination and restrictions on the movement of cattle, because the only reservoir of infection is domestic cattle (Plowright 1982) . Historically, the disease in Africa, Asia and Europe had devastating effects which prompted national and international control strategies (JP15 and the Pan African Rinderpest Campaign [PARc] ) to eradicate it. The disease has been eradicated to a great extent, with only a few foci left in Asia and Eastern Africa. The disease and its significance in wildlife was reviewed by Scott (1981) and has been discussed by Shanthikumar and others (1985) and Dobson (1995) . The last outbreak documented in East Africa which affected wild animal populations was in 1982 in Tanzania (Nyange and others 1985) , and there was an outbreak in Kenya in 1960 -62 (Scott and others 1960 , Stewart 1964 .
A recent epidemic in Kenya was monitored from April 1994 until May 1997 . The clinical signs, gross pathology and histopathology were examined extensively, and serological surveys of wildlife throughout Kenya were undertaken during the epidemic; tissues from sick animals were selected for further virological studies. This paper summarises the results and discusses the new findings and the epidemiology of the outbreak. The work continues under the auspices of PARC.
MATERIALS AND METHODS
During investigations of clinical disease in southern and eastern Kenya, 80 animals belonging to seven species were examined postmortem, and 57 were sampled for further analyses. Tissue samples were either fixed in buffered 10 per cent formal saline, frozen in liquid nitrogen, or placed on ice in an insulated container for transport. Fresh tissues were stored at the laboratory in a freezer at either -20°C or -80°C.
Blood samples were taken either from sick animals or, as part of retrospective studies, from healthy or recovering animals. Blood samples were taken in all cases, and eye swabs were taken when rinderpest was suspected. Whenever possible, for the retrospective surveillance ofbuffalo (Syncerus caffer), at least five individuals of either sex (one yearling, two under three years of age, one between six and 10 years and one aged animal) were sampled. Where buffalo were absent, other species were selected from the general population; lesser kudu (Tragelaphus imberbis) and greater kudu (Tstrepsiceros), eland (Taurotragus oryx), giraffe (Giraffa camelopardalis/reticulata), oryx (Oryx beisa b callotis), hirola (Beatragus hunteri), desert warthog (Phacochoerus aethiopicus), Grant's gazelle (Gazella ggranti), Roosevelt sable (Hippotragus niger roosevelti), wildebeest (Connochaetes taurinus albojubatus), kongoni (Alcelaphus buselahus cokei), and topi (Damaliscus lunatus). The retrospective serosurveillance ofbuffalo made it possible to estimate the time of infection, on the basis of the ages of positive and negative animals.
Animals were immobilised with etorphine (pure etorphine/ immobilon; Grampian Pharmaceuticals) in combination with xylazine (Rompun; Bayer) or acepromazine (in Immobilon; Grampian Pharmaceuticals) and hyaluronidase (Hylase; Zimethicals). The dosage depended on the species and age of animal. The drug was delivered remotely either from the ground or from a helicopter, using a Palmer Capchur long range rifle and metal darts (Palmer).
Blood was collected from a jugular vein into plain vacutainer tubes and tubes containing ethylenediaminetetraacetic acid (EDTA) or heparin. Routine haematological investigations used direct microscopical examination of blood smears for differential counting and quantitative buffy coat analysis (Wardlaw and Levine 1983) . Serum and plasma were separated by centrifugation, and stored at -20°C or -80°C. Fresh or frozen tissues and sera were taken to the regional rinderpest reference laboratory at Muguga, and representative samples were sent to the world reference laboratory at the Institute for Animal Health, Pirbright. Fixed tissues were sent to the University of Zimbabwe for histological studies, to the As the disease progressed, the condition of the animals' coat and body deteriorated, with marked weakness and emaciation. Dermatoses were sometimes severe and extensive in young animals (Fig 1) , and tenesmus and projectile, water diarrhoea, nasal discharge and crusting of the nares were common. In a number of adult animals in Tsavo, discrete skin lesions were recorded, 1 to 2 cm in diameter, plaque-like with some of them verrucose and keratinised. Abortion was recorded in several individuals. Peripheral lymph nodes were noticeably enlarged (Fig 1) , and in the eyes keratoconjunctivitis, comeal ulcers, uveitis, iritis and cataract were observed (Fig 2) . In herds recovering from the infection, fresh or healing wounds, probably from lion attacks, were often visible on the backs of the animals.
In many cases, postmortem examination revealed severe dehydration, emaciation, oral erosions, gastroenteritis with intestinal mucosal haemorrhages, ulceration ofthe abomasal mucosa along folds of the fundus and at the ileocaecal junc- (Fig 3) , synovitis and tenosynovitis around the radial and tarsal joints, pneumonia, lymphadenopathy, gastroenteritis and congestion ('zebra striping') in the colon; the liver and gall bladder were enlarged and the kidneys were hyperaemic. Histological examination revealed individual cell necrosis, and frequently the formation of sycytia in the epithelia of the eye, the intestine, the bronchioles, the salivary, bile and pancreatic ducts, and the renal tubules. The more chronic changes were observed in the eye and conjunctiva. Cultures for mycoplasmas on solid and liquid broth were negative, as were serological tests for contagious bovine and caprine pleuropneumonia, using bovine and caprine antigens.
Eland Sick eland were observed and monitored closely during the epidemic in Nairobi National Park. Several herds of up to 30 animals were in the park at the time, and were able to move freely in and out of it because the southern sector was not fenced. There were several hundred Masai cattle in the Park, together with thousands of wildebeest, approximately 200 buffalo, 600 kongoni, giraffe, bushbuck (Tragelaphus scriptus Pallas), Grant's gazelle and Thomson's gazelle (Gazella thomsoni) and common warthog (Phacochoerus africanus).
The sick eland tended to hang back from the herd, and were depressed and inappetant. There was a marked flow of tears from both eyes, which appeared opaque, and the facial hair was stained and crusted. A few animals had diarrhoea, but the condition was not as obvious as in the buffalo. Severely affected animals were dehydrated, emaciated and unable to move far. Erosion and necrosis gave the buccal mucosa of the animals a cheese-like appearance (Fig 4) .
Postmortem, the oral erosions were found to extend into the oesophagus of one case. The lymph nodes were all enlarged, congested and oedematous. There was mild gastroenteritis, with abomasal ulcers approximately 1 cm in diameter, congestion and petechiation of the intestinal mucosae, especially around the Peyer's patches which were enlarged. The faeces were soft. The gall bladder, liver and spleen were enlarged and congested. The lungs were emphysematous, with patchy consolidation in some cases.
Histological examination revealed diffuse, subacute, moderate enteritis, with necrosis of the glands and crypts of the intestinal mucosae, and the formation of epithelial cell syncytia; acute, marked, multifocal, erosive oesophagitis; lymphoid proliferation, periarteriolar hyperaemia of the spleen, and mild periportal hepatitis; and minimal, fibrogranulomatous, multifocal pneumonia and incidental sarcosporidosis.
Impala (Aepyceros melampus) In the Tsavo and Nairobi National Parks sick impala were observed but none was examined postmortem. In the Nairobi Park they were the only species, other than buffalo and eland, which showed clinical signs such as malaise, weight loss, mild nasolacrimal discharge and a staring hair coat during the epidemic. Kenya (1993-97) Morbidity was low at about 10 per cent and mortality was recorded only in Tsavo.
Other species A number of giraffe in poor condition and with eye lesions were seen in Meru. One blind animal was euthanased but, apart from a general loss of body condition, few lesions other than corneal opacity and a discharge from the eyes were recorded. A female adult bushbuck with eye lesions and diarrhoea was examined and intestinal lesions including ulceration, lymphadenopathy were recorded. Histopathological and immunohistochemical investigations of tissues from the bushbuck and giraffe failed to confirm rinderpest.
Epidemiology and surveillance
Chronological records of clinical disease and mortality are presented in Table 1 and Fig 5 and the results of serosurveillance are given in Table 2 . Thirty-nine animals from East and West Tsavo and Nairobi National Parks were examined postmortem and confirmed positive for rinderpest virus infection; they included buffalo, eland and lesser kudu. Blood samples were taken from 363 animals of 16 species after they had been immobilised in various areas of Kenya ( Fig 5) ; 73 buffalo and kudu were vNT and/or cELISA-positive for rinderpest antibodies, and it was possible to estimate the approximate year and month of infection of the buffalo. An outbreak of diarrhoea in buffalo west of Voi in Tsavo East National Park (Fig 5, location 4 ) with a low mortality was the first syndrome to be investigated in April 1994. Samples were obtained and either investigated or stored for later analysis. Rinderpest was part of the clinical differential diagnosis and although serum samples were examined, only foot and mouth disease serology was carried out. Kenya was considered to be free of rinderpest, so that an outbreak in wild animals in the middle of the country without associated cattle disease was considered unlikely. A few weeks later in the northern sector of the Park along the Tiva river and around Ithumba (Fig 5, location 3 (2) Aruba (4) Sala (4) Voi (4) Ithumba (3) hita (S) Taita (S)
Tab (5) Mzima Nguli (6) Kamqy (6) (Barrett and others 1998) . The rinderpest epidemic was officially reported by the Government of Kenya in 1995 (OIE 1995 .
Cases in lesser kudu and eland were reported in the subsequent weeks, and the last case investigated in Tsavo was a lesser kudu reported sick near Kamboyo, in May 1995. Fresh samples from this kudu were positive by AGID and by PCR for rinderpest virus. Animal inoculation experiments were undertaken with homogenates of the kudu tissues and a mild clinical disease was induced in three susceptible calves at Muguga. The calves resisted challenge with the virulent Kabete 0 strain of rinderpest virus.
The virus was isolated in tissue culture after the inoculation ofkudu tissue homogenate into cattle at Muguga. Buffalo herpes virus was also isolated in tissue cultures from tissues from sick buffalo, but it was considered to be incidental.
Investigations continued in Tsavo between January and July 1995, with retrospective serosurveillance ( In May 1995, an outbreak of disease causing blindness in kudu, giraffe and bushbuck was reported from Meru National Park (Fig 5, location 9) . Few buffalo were present in the park at the time because they migrate seasonally in search of forage. Samples were taken from an affected giraffe and a bushbuck but histochemical and histological investigations did not confirm rinderpest. A buffalo herd returning into the park soon after was sampled and examined for evidence of infection but the animals were healthy and the sera were antibodynegative for rinderpest. Retrospective serology in June 1996, showed that four of five buffalo from two different herds in Meru National Park were seropositive, and one calf less than one year of age was negative. These results confirmed that rinderpest was present in the Park during 1995. Little is known of the pathogenesis of rinderpest in giraffe and bushbuck and this may explain the lack of positive findings in the tissues examined. The dinical signs observed in kudu at the time were similar to those in kudu during the Tsavo epidemic, but no fresh material was obtained.
Positive serum samples were also obtained from kudu and buffalo in Mkomazi, Tanzania in 1995 (Fig 5, location 7 ). Goats were also sampled from Serai near Lerang'wa near Amboseli, and in some herds 50 per cent of the sera were positive (T. Mlengeya 1998, personal communication).
The situation in wildlife remained quiet and no disease was reported after mid-1995, until the outbreak in Nairobi National Park in October 1996 (Fig 5, location 10) . Disease was first observed in eland and within a month it had spread to all the buffalo herds in the park. In November, a lymph node obtained postmortem from an eland was strongly positive by AGID and by PCR to both universal primers to morbillivirus and to rinderpest-specific primers. Animals were inoculated with the material at Pirbright and although two cows developed only mild disease, another died with more classic signs of rinderpest (C. Deenn, personal communication). Direct sequence analysis of the PCR product showed that it was probably most closely related to the viruses isolated from kudu and buffalo, and distinct from others sampled in East Africa since 1986.
No further epidemics have been confirmed, although one of five buffalo sera obtained from a herd associated with reports of mortality from the Kedong area of the Rift Valley in early 1997 was positive. The animal was over six years of age and the positive result was possibly related to an outbreak in the area in 1988 (Wamwayi and others 1992) .
Further serosurveillance was undertaken from May 1996 to May 1997 in north eastern Kenya (Fig 5) , extending from the Laikipia District in central Kenya to the Ethiopian and Somalian borders. All the buffalo were negative except for four aged individuals from east of the Tana river in Baoma, Lamu (Tana and Lamu districts 1995) Dida and Ijara (Garissa district 1996) and three of eight animals in a large herd at Garsen (Fig 5, location 1) , west of the Tana. The seropositive animals at Garsen were more than two-and-a-half years old, and the seronegative animals were younger, except for one aged bull buffalo. This result suggests that the infection was present in the area in late 1993. Samples were also obtained from other localities near the south Kenya coast and west of Amboseli (Fig 5) 1978, 1979, 1997) . The populations of other ruminants generally declined, but owing to the poor visibility of smaller ruminants and the inaccuracy of the census data for these species, the results are not recorded here. In fact, during the epidemic, no ruminant species apart from buffalo, kudu and eland were reported to be ill in Tsavo National Park. It is difficult to estimate the decline in the population of kudu but during the 1995 census in Tsavo, only 114 kudu were observed from a population estimated at over 1750 in 1994. In the area of Ithumba (400 kM2) the estimated 400 kudu virtually disappeared in a period of three months, but only 25 carcases or skeletons were discovered, the remainder probably being hidden in dense bush or removed and scattered by scavengers. When a carcase is found by scavengers, little of it usually remains after 24 hours.
In the Amboseli National Park and Kimana it was not possible to determine the actual mortalities. An examination of regular census data (D. Western, personal communication) from the area shows that there was a reduction in the mean numbers of buffalo between 1992 and 1997 of approximately 25 per cent, but this reduction cannot be attributed directly to the rinderpest in 1995. The disease, no doubt, contributed to the downward trend but the mortality levels were relatively low.
In the Meru ecosystem of 2600 km2 (Meru, Bisinadi, Kora and surrounding areas) the numbers of buffalo decreased significantly from approximately 5000 in 1979 to 1190 in 1995. Similar trends were recorded for giraffe, eland and other ruminants (G. Miriuki, personal communication).
In Nairobi National Park, the overall mortality among eland did not appear to be high, but reliable figures are difficult to determine because of the migration of animals into and out of the Park during the epidemic. The buffalo are a resident species and few move out of the park; mortality was estimated from an examination of bi-monthly ground counts. They varied, but the highest was 201 buffalo, recorded in June 1996, and this would have been the minimum population before the outbreak. In 1997, after the disease was no longer apparent, a maximum count of 143 was recorded in April (S. Njumbi, personal communication), indicating an approximate mortality of 29 per cent, not including young born between June 1996 and April 1997.
DISCUSSION
The delay in diagnosing rinderpest virus infection in wildlife in Kenya was the result of a number of factors. The epidemic nature of the disease was not immediately apparent, because of the inherent difficulties of observing sick wild animals, its insidious spread and sporadic mortality in the kudu and buffalo from late 1993 until October 1994, and the lack of any apparent involvement of domestic cattle surrounding the Tsavo National Parks. There was drought at the time, and any mortality, especially in buffalo, was assumed to be due to starvation. The high ambient temperatures (approximately 35°C) meant that carcases were often too putrefied for useful diagnostics, or that there was little left to examine after scavengers had eaten their fill. The sick animals sampled were usually moribund, euthanased or in the recovery phase of the disease and probably no longer shedding virus. This may explain why no virus or antigen was isolated from eye swabs. In cattle the virus is shed for up to 11 days, and antibody is produced by the third day after infection. The problem only came to people's attention where large numbers of animals had died, scavengers were satiated and rapid decomposition had led to a stench, especially around water holes. Dehydration was a clinical feature and sick buffalo tended to stay near water. For example, in Taita, over 40 buffalo carcases were found littered around a water hole. This was not the case with kudu or eland. Kudu obtain much of their water requirements from browsing. In Nairobi National Park it was possible to monitor herds from the beginning of the epidemic and it was approximately one month after the disease had appeared in eland that the signs became obvious in buffalo. In lesser kudu the combination of lesions in the eye and the joints was not initially suggestive of rinderpest and the fact that the kudu mortality was not associated with deaths among other species was also confusing. Eland were also affected in Tsavo but cases were rarely seen. It was only in the Nairobi National Park outbreak that the disease was obvious in this species.
There appeared to be distinct phases of infection in each species, suggesting that the virus infected each population and spread at a rate determined by the density, social structure and behaviour of the species. Buffaloes congregate in herds of mixed sex, in groups of tens to several hundreds of animals. Aged bulls are usually solitary or live in small bachelor herds. The tendency to congregate is seasonal, with increased concentrations of animals gathering around water sources before the rains. After rain and the resultant flush of vegetation the animals tend to disperse over a wide area in suitable habitat. Besides the seasonal patterns of movement, buffalo are considered to be resident in a particular area from year to year, and in some National Parks they hardly move at all, for example in Amboseli and Nairobi. This behaviour explains the more explosive pattern of disease in buffalo, followed some months later in kudu. Lesser kudu are a highly residential, non-territorial species and animals from different family groups meet casually, with males more likely to move between groups. In Kenya, they live in small family groups of perhaps five to seven individuals and older males are usually solitary. Their population density in optimum habitat is approximately one per 50 ha (Kingdon 1997) . There is minimal seasonal movement from high to low ground during the rains. The low population density and lower contact rate between individuals probably slowed the spread of the infection. In contrast, eland are highly mobile with home ranges of 1000 to 2000km2, and they might be significant in spreading the virus between concentrations of other more resident wildlife and cattle. Their herd sizes vary and they mix freely with groups of hundreds of other animals, usually during the rains. Eland are often seen in association with other species, and during the Nairobi epidemic sick animals with severe ocular discharges were observed separated from healthy eland and associated with wildebeest.
The Veterinary Record, September 4, 1999 dence that during the drought of 1993, in the Asa -Tiva area, large numbers of Orma pastoralists entered the Tsavo East National Park along the river system. It would have required very few infected cattle to set off the epidemic in buffalo.
The outbreak confirmed the risk ofthe transmission of the virus between wild ruminants and cattle (and between different species) but its transmission between species may be the exception and determined by extreme circumstances such as drought. The insidious spread of the virus through the Tsavo National Parks over more than a year, confirms the importance of species like buffalo, eland and kudu in the epidemiology of rinderpest in East Africa, as has been observed in the past (Plowright 1968b) . These populations carried the infection several hundred kilometres before it entered cattle herds in Kajiado. It is also possible that the disease moved through buffalo populations to Amboseli along the swamp system and then via eland to Nairobi. However, it is more likely, owing to the resident nature of many of these buffalo, that cattle infected around Tsavo West National Park were the source of the virus for Amboseli and Nairobi buffalo, and for cattle in Kajiado, Nairobi and Northern Tanzania. Unfortunately, this possibility cannot be established with certainty because the nature and relationship of the cattle virus to the wildlife strain was not established in the laboratory. It is possible that the apparently milder form of rinderpest observed in buffalo after the epidemic in Tsavo was due to the passage of the virus through cattle. The change from a disease causing severe mortality to a more mild disease in wildlife, and the apparently mild disease in cattle, suggests that the pathogenicity of the virus decreased during the period of the epidemic. This is not a new phenomenon because there have been apparently mild strains of rinderpest affecting wildlife and cattle in the past (Robson and others 1959, Scott 1981) .
It appears that the lineage II virus did not disappear after the outbreak in the 1960s, and the persistence of this strain in East Africa for nearly 40 years may in part be due to the complex interactions between wildlife and livestock. Virus was isolated from an eland in in the Isiolo area (Rossiter and others 1983) and the infection was recorded again in the region (1979-85) The value of strategic vaccination of the cattle population was also well demonstrated because few cattle deaths were confirmed and the epidemic in Tanzania was stopped as a result. The benefits of cattle vaccination to wildlife were also demonstrated, because the disease was prevented from entering the Loita-Mara-Serengeti system, which was historically an enzootic area for rinderpest, and which holds one ofthe most important migratory populations of wildlife left on earth.
The main lesson to the learned from this epidemic is that to reduce the future economic impact of the disease, control measures need to be applied more vigorously and strategically, by using surveillance techniques to monitor and map the spread of infection and to identify enzootic foci. In addition, the work has emphasised the value ofwild animal populations as sentinels of the disease which should assist in developing strategies for the eradication of the virus from Africa. Giraffe, bushbuck and possibly impala appeared to be affected by the disease, but the presence of rinderpest virus was not confirmed. The lack of any evidence for the infection in warthog was unusual because historically mortality has frequently been reported in this species during outbreaks of rinderpest. However, one strain of the virus isolated from eland by Robson and others (1959) did not infect pigs under experimental conditions. The families Alcelaphinae, Gazellinae, Reduncinae and Hippotraginae were apparently unaffected during the Tsavo and Meru epidemics, and wildebeest were not affected during the Nairobi epidemic. These findings are based on the apparent health and negative serology from herds of these species which were closely associated with infected populations. More work needs to be done to establish the sensitivity of species other than buffalo to the cELISA antigen test, and more extensive VN testing is required to confirm whether the virus infected other species.
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The clinicopathological course of rinderpest in buffalo appears to be similar to its course in cattle, and the signs in affected buffalo, eland and kudu were in general similar to those reported in these species by Thomas and Reid (1944), Scott (1981) and Shanthikumar and others (1985) . New findings were as follows: in the kudu, tenosynovitis was recorded, and in kudu and buffalo, in addition to corneal opacity, keratoconjunctivitis, corneal ulceration, uveitis and cataract were recorded. In buffalo, a range of skin lesions was recorded, from discrete focal lesions to widespread dermatosis and bite wounds and scratches from predators; these skin lesions were probably associated with the immunosuppression caused by the virus exacerbating latent infections. The eye pathology in buffalo and kudu was particularly significant because even in animals recovering from the acute phase, the effect of the blindness resulted in abnormal behaviour, physical trauma, for example, joint swellings in kudu, and death through inanition, predation and even from drowning in mud pools. The data from kudu with more chronic lesions in the eyes suggest that in this species the conjunctiva is the point of entry of the virus. At the time of the initial outbreak in kudu in Tiva there was an epidemic of head fly which may have exacerbated the primary or secondary infection. Diarrhoea was not an obvious sign and oral and intestinal lesions were relatively mild.
The pathology of the disease suggested that its pathogenesis in all the species examined postmortem was short, with severe and life threatening pathological changes but few chronic changes.
The serological data (Table 2 , Fig 5) were critical to understanding the epidemiology of the disease in wildlife. Retrospective serosurveillance suggested that the probable first point of entry of the disease into wildlife was in populations in Garsen and Tiva, and provided other important information on the present and past epidemics. There was evidence of prior infection in some herds in Tana, Lamu and Amboseli, with only aged animals being seropositive, possibly as a result of the epidemic which affected the region in 1982, reported from Tanzania by Nyange and others (1985) . The epidemic in Meru and Amboseli was confirmed, although the clinical signs of rinderpest were not initially supported by laboratory tests. In many areas serology provided evidence of antibody-negative populations, suggesting that the disease had been absent for many years, for example in Laikipia, the northern districts, southern coastal areas and the Mara-Serengeti. Through a combination of serology, clinical observation and diagnosis it was possible to follow where the disease had been and where it was moving to, from Garsen/Tiva through Tsavo to Amboseli, Northern Tanzania, Kajiado and Nairobi. When herds of buffalo tagged during the epidemic were re-examined, samples taken from animals bom after the epidemic were negative, providing evidence to support previous claims that wild animals do not act as a reservoir.
The PCR studies and sequence analyses showed that the viruses in buffalo, kudu and eland were closely related to each other, and to the RGK/1 strain which was isolated from a sick giraffe shot at Garissa in 1962 during the wildlife epidemic that was suggested to have spread from Ethiopia to the Tana River (Liess and Plowright 1964, Stewart 1964) , and distinct from other strains sampled since 1986 (Barrett and others 1998) . These data confirmed that there were two distinct lineages of virus circulating in East Africa at the time of the epidemic, lineage I in Sudan and lineage II in Kenya. There is compelling evidence of the severity of the disease in wild animal populations. The rapid decline in wildlife in the region during recent years has been due to many different factors, but rinderpest was undoubtedly a significant factor. The benefits of eradicating the disease have generally been considered in terms of the livestock economy, but the benefits for wildlife populations, biodiversity and the associated tourism would clearly also be considerable.
Previous outbreaks of rinderpest in Kenya have been implicated in the.decline of rare species such as the bongo (Boocercus euryceus Ogilby) (Stewart 1964) and are thought to have affected the present day distribution of many others, such as the greater kudu. The situation in the 1990s is more critical for a number of species of wild ruminants and an outbreak of rinderpest could be catastrophic and lead to their extinction. The rare animals potentially exposed in this outbreak were the bongo, hirola (Beatragus hunteri), roan antelope (Hippotragus equinus langheldi) and Roosevelt sable (H niger rooseveltii). There is some evidence that the population of hirola declined during the last probable epidemic in its range in the early 1980s (Magin 1996 White pigs were sedated with either azaperone (2 mg/kg), butorphanol (0-2 mg/kg) and ketamine (5 mg/kg) (group A), or detomidine (100 pg/kg), butorphanol (0-2 mg/kg) and ketamine (5 mg/kg) (group D) administered intramuscularly, before being anaesthetised with halothane, oxygen and nitrous oxide for a bilateral stifle arthrotomy. The pigs' heart rate, respiratory rate, mean arterial blood pressure, electrocardiogram, arterial oxygen saturation, arterial blood gases, and oesophageal and rectal temperature were measured while they were anaesthetised and five minutes after they were disconnected, and their recovery times and any complications were recorded. Both groups were well sedated. Their heart rate was unchanged during the period of anaesthesia but increased when they recovered. The respiratory rate, mean arterial blood pressure and rectal temperature were lower in group A than in group D (P<0-05). Mild respiratory acidosis developed during anaesthesia in both groups. Both groups recovered equally rapidly and complications were generally minor, though two pigs in group D appeared to develop malignant hyperthermia.
Veterinary Record ( 1999) IT can be difficult to sedate pigs effectively and anaesthetise them smoothly, because they resent being handled and access to their blood vessels is limited. For many procedures and for the intravenous induction of anaesthesia before inhalational anaesthesia, a recumbent, minimally responsive animal is required. The intramuscular route is often preferred for ease of administration and to reduce stress. It is difficult to induce profound sedation consistently with minimal cardiopulmonary depression, and most of the drugs or drug combinations available have significant limitations. Pentobarbitone has been used for the sedation and anaesthesia of pigs, but it has to be administered intravenously and produces significant respiratory depression and prolongs the period of recovery (Clutton and others 1997) . Other agents include benzodiazepines (Ragan and Gillis 1975 , Bustamante and Valverde 1997 , Clutton and others 1997 , butyrophenones (Bustamante and Valverde 1997), alpha-2 adrenoceptor agonists (Gomez de Segura and others 1997), opioids and ketamine (Roberts 1971, Thurmon and others 1972) . Although many of these agents cause minimal cardiopulmonary depression, the level of sedation produced by single agents is often only moderate and frequently inconsistent. Drug combinations have proved more effective than single agents and good sedation has been reported with the use of a sedative, an opioid and ketamine (Breese and Dodman 1984 , Nishimura and others 1991 , Sakaguchi and others 1996 . For this study, azaperone, a butyrophenone, was selected as one sedative to evaluate in combination with an opioid and ketamine. It is authorised for use in pigs in Europe, but given alone it produces variable degrees of sedation, hypotension and, at higher doses, penile prolapse (Hall and Clarke 1991). It has been used with ketamine but not with a ketamineopioid combination (Clutton and others 1997). Detomidine, an alpha-2 adrenoceptor agonist, was chosen as the sedative to compare with azaperone. Xylazine, another alpha-2 adrenoceptor agonist, is said to be ineffective in pigs (Gomez de Segura and others 1997) and although it has been used successfully in combination with other agents (Breese and Dodman 1984 , Trim and Gilroy 1985 , Henrikson and others 1995 it was found to be less effective than longer acting alpha-2 adrenoceptor agonists (Sakaguchi and others 1996). Detomidine is not authorised for use in pigs but in horses it has a longer duration of action than xylazine (Clarke and Taylor 1986, Wagner and others 1991) . The opioid used was butorphanol, which is also not authorised for use in pigs, but improves sedation in pigs when combined with sedatives and ketamine (Nishimura and others 1991).
The aims of the study were to evaluate these two combinations of sedatives which can be injected intramuscularly and to compare their cardiopulmonary effects, the surgical conditions and the recoveries of young pigs during and after anaesthesia with halothane and nitrous oxide.
